ABSTR AC T Background and study aims Few studies have evaluated detection of pancreatic carcinoma in situ (PCIS). We evaluated findings of endoscopic ultrasound (EUS) and pathological features of PCIS.
Introduction
Few studies have evaluated detection of pancreatic carcinoma in situ (PCIS). The number of patients with pancreatic cancer in Japan is increasing every year. According to vital statistics of the Ministry of Health, Labor, and Welfare, the number of pancreatic cancer-related deaths exceeded 30,000 for the first time in 2013 [1] . Furthermore, pancreatic cancer was reported to be the fourth leading cause of cancer-related deaths after lung, stomach, and colorectal cancer [1] . Rahib et al. [2] estimated that by 2030, pancreatic cancer would be the second leading cause of cancer-related deaths in the United States. The actual reason for the increased death rate is difficulty in early diagnosis, and by the time the disease is diagnosed, it is often too late. Early diagnosis is critical for improving survival in these patients. In 2012, the Japan Pancreas Society reported outcomes of the pancreatic cancer registry, in which 5-year survival rates according to tumor size were 80.4 % for 3-to 10-mm and 50 % for 10-to 20-mm tumors. According to staging, the 5-year survival rates based on the Union for International Cancer Control classification were 85.8 % for stage 0 and 68.7 % for stage Ia disease [3] . To improve the prognosis of pancreatic cancer, early diagnosis of stage 0 or of < 10-mm tumors is indispensable.
The 2013 Japanese clinical guidelines for pancreatic cancer emphasize detection of indirect findings, such as dilatation of the main pancreatic duct (MPD) and pancreatic cysts, for early diagnosis of pancreatic cancer [4] . Considering that no neoplastic lesions are delineated on abdominal ultrasonography or computed tomography examination, magnetic resonance cholangiopancreatography (MRCP) and endoscopic ultrasound (EUS) are recommended [4] . However, EUS findings of PCIS are not well characterized because very few reports have described PCIS in detail. At the Onomichi General Hospital, since 2007, a concerted effort has been made to diagnose pancreatic cancer early through cooperation between hospitals and clinics [5] . As a result of these efforts, a total of 16 cases of PCIS were detected over a period of 8 years. This study was conducted to evaluate the EUS findings and pathological features of PCIS.
Patients and methods
The current study was approved by the Institutional Review Board of the Onomichi General Hospital. We retrospectively analyzed 16 patients (mean age, 68.4 ± 9.1 years; range, 52 -84 years; male-to-female ratio, 9:7) undergoing pancreatectomy and diagnosed with PCIS at the Onomichi General Hospital between January 2007 and April 2015.
PanIN occurs from the pancreatic duct epithelium and is a noninvasive intraepithelial neoplastic lesion with a papillary or flat morphology observed at the microscopic level. PanIN is composed of cylindrical to cubic cells with varying amounts of mucus that exhibiting varying degrees of cellular and structural atypia. PanIN is usually found in pancreatic ducts with diameters less than 5 mm [6] . It is classified as PanIN-1 to 3, and PCIS in this paper is defined pathologically as a lesion with atypia equivalent to PanIN-3. PanIN is considered to be an important lesion as a precursor to invasive ductal carcinoma. According to the most recent Baltimore pathology classification, PCIS is defined as a lesion equivalent to high-grade PanIN [7] .
An intraepithelial lesion corresponding to PanIN-3 was found in the MPD or the pancreatic duct branches surrounding the MPD stricture. The maximum diameter of the progress range of six cases of PCIS described in pathological diagnosis was 2 to 20 mm (median 10.5 mm). In 12 of 16 cases, adenocarcinoma was detected by preoperative pancreatic juice cytology, and surgery was performed by diagnosis of pancreatic cancer. Because adenocarcinoma was detected by pancreatic juice cytology, endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA) was not a requirement. In three cases, malignant cells were not recognized by preoperative pancreatic juice cytology, but malignancy could not be ruled out on diagnostic imaging, and surgery was performed for a diagnosis of suspected pancreatic cancer. In two of these three cases, EUS-FNA was not required because hypoechoic areas surrounding the MPD stricture were observed and fibrosis by PCIS was assumed. 1 case had a hypoechoic mass and EUS-FNA was also considered, but because of coexisting distal cholangiocarcinoma, EUS-FNA was omitted and surgery was performed. In one case, surgery was performed for diagnosis of distal cholangiocarcinoma, and PCIS was incidentally observed in the pancreatic cut end margin of the resected specimen. Only in that case, MPD stricture and dilatation were not observed. All 16 cases in this paper are PCIS and invasive pancreatic duct carcinoma and intraductal papillary mucinous neoplasms (IPMN) were not included.
MPD dilatation on the distal side of the MPD stricture was defined as a diameter of 3 mm or more, and larger than the MPD diameter on the proximal side of the MPD stricture. The key findings that led to early diagnosis were dilatation of the MPD in 10 patients, dilatation of the MPD plus pancreatic cyst in five, and incidental diagnosis in one. The affected sites were the pancreatic head in four patients, pancreatic body in 11, and pancreatic tail in one. The lesions were localized in the MPD plus pancreatic duct branches in 10 patients, MPD in four, and pancreatic duct branches in two. MPD stricture was confirmed on MRCP or endoscopic retrograde cholangiopancreatography (ERCP) in 15 patients (93.8 %). EUS was preoperatively performed in all patients. The study subjects were examined in terms of stricture of the MPD on EUS, presence or absence of hypoechoic areas surrounding the MPD stricture on EUS, the noncancerous part (pancreas of background) on EUS and histopathology, and histological findings adjacent to the area of PCIS.
EUS findings for the noncancerous part were evaluated in accordance with the Rosemont classification [8] and the 2009 Japanese Clinical Diagnostic Criteria for Chronic Pancreatitis [9] . In 2009, Catalano et al. [8] proposed the new EUS-based diagnostic criteria for chronic pancreatitis (Rosemont classification). In Japan, this proposal was accepted and clinical diagnostic criteria for early chronic pancreatitis were included in the 2009 Japanese clinical diagnostic criteria for chronic pancreatitis [9] as the first in the world. According to the diagnostic criteria, the four markers of pancreatic parenchyma disorder due to pancreatitis or risk factors for pancreatitis are: 1) repeated and inordinate abdominal pain; 2) abnormality (serum or urine) of pancreatic enzyme levels; 3) reduced pancreatic exocrine function; and 4) continuous heavy drinking > 80 g/day. Early chronic pancreatitis was defined as a patient who had two or more of the four markers and a slightly abnormal finding of the pancreatic parenchyma or pancreatic duct suggesting early lesions of chronic pancreatitis on EUS or ERCP. For EUS diagnosis, seven findings are relevant: 1) lobularity with honeycombing; 2) lobularity without honeycombing; 3) hyperechoic foci without shadowing; 4) stranding; 50 cysts; 6) dilated side branches; and 7) hyperechoic main pancreatic duct margin. When two or more items including 1 and 4 were recognized, an image was deemed to fulfill the diagnosis of early chronic pancreatitis. In 2016, Whitcomb et al. [10] announced a "new mechanistic definition" of chronic pancreatitis, taking into account the onset mechanism of pancreatitis. The proposed definition said, "Chronic pancreatitis is a pathologic fibro-inflammatory syndrome of the pancreas in individuals with genetic, environmental and/or other risk factors who develop persistent pathologic responses to parenchymal injury or stress." In the new definition, a conceptual model of five stages also was proposed, from "at risk" to "AP-RAP, acute pancreatitis and recurrent acute pancreatitis," "early CP, chronic pancreatitis," and "established CP," to "end stage CP". "Early CP" is the preliminary stage of "established CP" and is regarded as a condition that can be brought into remission. "Established CP" is a stage where obvious functional abnormalities are confirmed in two or more systemsimmune, exocrine, and endocrine -and pathologic pain and metaplasia are present because of persistent parenchymal injury or stress added to "early CP." "End stage CP" is a stage where dysfunctions are recognized in two or more systems. Pancreatic fatty infiltration was determined by pancreatic parenchymal hyperechoic findings with deep echo attenuation in EUS findings of the noncancerous part. It is a well-known fact that in cases with MPD stricture, obstructive pancreatitis occurs on the distal side of the stricture. Therefore, pathological findings of the noncancerous part were proximally evaluated from the MPD stricture to exclude the effects of obstructive pancreatitis. Pathological findings of chronic pancreatitis were examined according to the characteristic histological findings included in the 2009 Japanese Clinical Diagnostic Criteria for Chronic Pancreatitis [9] . Definitive diagnosis of chronic pancreatitis was based on observation of fibrosis and loss of pancreatic parenchyma. Pancreatic fibrosis was primarily observed interlobularly with a nodular small lobe, which in other words, appears like cirrhosis. Criteria for definitive diagnosis of chronic pancreatitis include loss of pancreatic parenchyma with interlobular fibrosis or interlobular and intralobular fibrosis. The Olympus EU-ME1, EU-ME2, or Hitachi-Aloka Medical ProSound Alpha 10 instrument was used as the measurement device, and the Olympus GF-UE260-AL5 or GF-UM2000 scope was used for endoscopy.
Results
Clinicopathological characteristics of the 16 subjects are shown in ▶ Table 1, ▶ Table 2 , and ▶ Table 3 .
An MPD stricture was identified on EUS in 15 patients (93.8 %). One such patient is shown in ▶ Fig. 1 . In one patient, the MPD stricture could not be identified on EUS; identification of the same stricture was also difficult on MRCP. PCIS in this patient was incidentally diagnosed on pathological examination of the resected pancreatic specimen.
On EUS, the hypoechoic areas surrounding the MPD stricture were observed in nine patients (56.3 %), including three (18.8%) with a hypoechoic mass (10 -11 mm). One such patient is shown in ▶ Fig. 2 .
EUS findings on the noncancerous part indicated chronic pancreatitis in six patients (37.5 %), fatty infiltration in seven (43.8 %), early chronic pancreatitis [7] in two (12.5 %), and normal pancreas in one (6.3 %). Histopathological examination of the noncancerous part (proximal to the MPD stricture) revealed characteristic findings of chronic pancreatitis in 13 patients (81.3 %), including eight with severe inflammation in the pancreatic parenchyma distal to the stricture) and pancreatic fatty infiltration in five (31.3 %). Concurrent IPMN was observed in the resected and residual pancreas in five patients (31.3 %), all of whom had branch duct IPMN. Concurrent pancreatic intraepithelial neoplasia (PanIN) not in continuity with the primary lesion of the resected pancreas was observed in 12 patients (75%). Two patients who fulfilled the Japanese Clinical Diagnostic Criteria for early chronic pancreatitis [9] (Cases 12 and 13) were relatively young women with no history of regular alcohol intake, and did not show characteristic histological findings of ▶ chronic pancreatitis, but only showed mild sporadic fat droplets. Cases of chronic pancreatitis, pancreatic fatty infiltration, and early chronic pancreatitis are shown in ▶ Fig. 3 as pathological findings of noncancerous part, respectively ▶ Fig. 3a shows chronic pancreatitis (Case 8), ▶ Fig. 3b shows fatty infiltration (Case 7), and ▶ Fig. 3c shows early chronic pancreatitis (Case 13). Perilesional interstitial inflammatory cell infiltration and fibrosis were observed in all 16 patients. One such patient is shown in ▶ Fig. 4 .
Discussion
In the 1950 s, a hypothesis was proposed that pancreatic cancer progressively develops from hyperplasia of the pancreatic duct epithelium after development into atypical lesions [11] . In 2000, Hruban et al. [12] proposed PanIN, a multistep model of the carcinogenesis of pancreatic cancer. Thereafter, molecular pathological examinations and analysis of genetically modified mice demonstrated the precancerous nature of PanIN. Malignant transformation in the pancreas is caused by accumulation of genetic abnormalities in genes, such as in KRAS, CDKN2A, TP53, and SMAD4, with a stepwise transition from PanIN-1A to PanIN-3, corresponding to carcinoma in situ and progressing to invasive cancer. Pancreatic cancer is well-known to be accompanied by severe fibrosis around the tumor cells and desmoplastic reaction (DR). In 2004, pancreatic stellate cells, which contribute to fibrosis in chronic pancreatitis, were demonstrated to produce an extracellular matrix of cancer stroma [13] . Interaction between pancreatic cancer and DR has also been explained at the molecular level, in which partial changes are observed at the stage of PanIN and IPMN without invasive cancer. Furthermore, Yachida et al. [14] examined pancreatic cancer using autopsy cases; they estimated a mean of 11.7 ± 3.1 years from initial appearance of the genetic abnormality to development of invasive cancer; 6.8 ± 3.4 years from the stage of invasive cancer to development of metastatic potential, and 2.7 ± 1.2 years from acquiring metastatic potential until actual metastasis. We believe that development of diagnostic interventions for use during the period between carcinoma in situ and development of invasive cancer could help improve the likelihood of early diagnosis of pancreatic cancer. The clinical significance for the reader of Endoscopy International Open is to identify early pancreatic cancer by understanding imaging and pathological findings for PCIS and carrying out appropriate diagnostic imaging.
The regions were the pancreatic head in four patients, pancreatic body in 11, and pancreatic tail in one (▶ Table 1 ). Most cases of PCIS were identified through indirect means, such as dilatation of the MPD and pancreatic cysts. Because it is difficult to make such findings in the pancreatic head and tail on abdominal US, lesions in the body of the pancreas may be overrepresented in this study. Del Chiaro M et al. [15] reported that during a median follow-up of approximately 1 year, pancreatic lesions were detected in 40 % of patients, of whom five underwent surgery, and a noninvasive magnetic resonance imaging (MRI)-based screening protocol in individuals at risk seems to be effective. Harinck et al. [16] reported that EUS and/or MRI detected clinically relevant pancreatic lesions in 6 % of high-risk individuals, and both imaging techniques were complementary rather than interchangeable. Canto MI et al. [17] reported that screening of asymptomatic high-risk individuals frequently detects small pancreatic cysts, including curable, noninvasive high-grade neoplasms. EUS and MRI detect pancreatic lesions better than does CT. Verna EC et al. [18] reported that pancreatic cancer screening for high-risk patients with a comprehensive strategy of imaging and genetics is effective and identifies curable neoplasms that can be resected. Yasuda I et al. [19] reported that EUS is strongly recommended for early detection of small pancreatic cancer in patients in whom dilation of the main pancreatic duct was detected in previous imaging tests, with or without increase of pancreatic enzymes or tumor markers. Kamata K et al. [20] reported that IPMN-concomitant pancreatic ductal adenocarcinomas are quite often found at diagnosis and during follow-up, and EUS examination of the whole pancreas plays an important role in management of IPMNs as it allows early de-▶ tection of these small, invasive carcinomas. Reports on usefulness of MRCP and EUS for early diagnosis of pancreatic cancer are scattered, but there are very few reports on PCIS imaging diagnosis. In diagnostic imaging, PCIS itself cannot be drawn, so it is necessary to estimate from the MPD stricture and surrounding tissue change by PCIS. It is important for image diagnosis to capture localized MPD stricture and a surrounding fibrotic area caused by PCIS. Noninvasive MRCP is useful for screening for MPD stricture, and EUS with high resolution is effective for evaluating the surrounding fibrotic area. A localized MPD stricture was frequently observed on the image finding for PCIS. Pathologically, several cases in our study exhibited localized inflammation and fibrosis in the interstitial tissue around the pancreatic ducts in which the PCIS was located. In our report concerning 16 patients with PCIS, most patients had a localized MPD stricture (15/16, 93.8 %) (▶ Table 2). Evaluation by MRCP revealed dilatation of the MPD distal to the stricture in nine of 16 patients (56.3 %), whereas six (37.5 %) did not show any dilatation. Even in patients with mild MPD stricture and no dilatation at the MPD distal to the stricture, presence of PCIS should be considered. We believe that detailed examination should be performed in such cases. Furthermore, due consideration should be given to the fact that the site of the MPD stricture and cancer as perceived on MRCP and EUS may not necessarily coincide with the pathologically confirmed site [21] . There are some cases wherein the observed stricture range is more extensive than the area occupied by the carcinoma; there exist some cases which are contrary [21] . At the Onomichi General Hospital, surgical plans for patients with localized MPD stricture and positive pancreatic juice cytology are prepared, considering the possibility that the cancer may be more extensive than that inferred from the range of the stricture. We make an incision from the margin of the stricture to a distance of approximately 2 cm distally or proximally, and verify the margin by an intraoperative rapid pathological assessment [21] . Furthermore, concurrent PanIN is commonly found in the resected pancreas. Therefore, from the perspective of multicentric carcinogenesis, rigorous postoperative follow-up observation is recommended in such cases.
▶
Based on comparisons with pathological findings, it was suggested that hypoechoic areas surrounding the MPD stricture on EUS might reflect localized inflammation and fibrosis in the vicinity of the lesion. Regarding the hypoechoic areas, we did not measure them because the boundary with the surrounding pancreatic parenchyma was unclear. Regarding the hypoechoic mass observed in three cases, it was measured because the boundary with the surrounding pancreatic parenchyma was clear. The hypoechoic mass may be drawn due to localized inflammation and fibrosis in the interstitial tissue around the pancreatic ducts in which the PCIS was located, and it is necessary to differentiate it from small invasive ductal carcinoma. When the hypoechoic lesion is depicted surrounding the MPD stricture, if the boundary with the surrounding pancreatic parenchyma is unclear, it is necessary to distinguish the fibrotic area associated with PCIS. Furthermore, if the boundary with the surrounding pancreatic parenchyma is clear, it is necessary to distinguish small invasive ductal carcinoma in addition to PCIS. We also observed that patients without hypoechoic areas surrounding the MPD stricture tend to have less fibrosis and more extensive fatty infiltration (▶ Table 3 ). Although other causes, such as chronic pancreatitis, can result in findings similar to those of pancreatic duct stricture for patients with pathologically proven malignant cells, hypoechoic areas surrounding the MPD stricture are useful markers indicating the presence of cancer. Moreover, such areas, in some cases, were more extensively delineated beyond the range of stenosis.
However, the reliability of using such criteria for cancer diagnosis must be examined in a larger sample of patients.
At the Onomichi General Hospital, when hypoechoic areas are observed surrounding the MPD stricture, we note the possibility of PCIS and proactively perform pancreatic juice cytology multiple times using ERCP and endoscopic nasopancreatic drainage (ENPD). This approach has achieved good diagnostic results [22] . In the event of mass-like delineation, such as that observed in three of our cases, because differentiation between small invasive ductal carcinoma and PCIS is required, performing EUS-FNA is considered initially. However, it is difficult to rule out PCIS even when EUS-FNA results are negative. To differentiate PCIS from invasive ductal carcinoma, careful imaging examination is required. As a diagnostic strategy for MPD stricture, EUS reveals hypoechoic areas with unclear boundary surrounding the MPD stricture, we consider the possibility of PCIS, and perform ERCP (ENPD). When a hypoechoic mass with clear boundary surrounding the MPD stricture is seen on EUS, we consider the possibility of small invasive ductal carcinoma, and perform EUS-FNA. However, even if EUS-FNA results are negative, it does not rule out PCIS, so we also consider ERCP (ENPD). In the future, differential use of ERCP (ENPD) and EUS-FNA must be studied further. We believe that screening for cases with risk factors for pancreatic cancer is important for early diagnosis of the disease. Chronic pancreatitis, pancreatic fatty infiltration, and IPMN have been reported to be risks factor for pancreatic cancer [23 -27] . In this study, histopathological examination of the noncancerous part (proximal to the MPD stricture) revealed characteristic findings of chronic pancreatitis in 13 patients (81.3 %). Histopathological findings of the noncancerous part demonstrated pancreatic fatty infiltration in five patients (31.3 %). Because pancreatic fatty infiltration is often seen to be scattered in the noncancerous part, its size has not been measured. Based on our examination of the 16 patients with PCIS, it appears that fatty infiltration tends to obviate EUS findings of chronic pancreatitis (▶ Table 3 ). Concurrent IPMN was observed in the resected and residual pancreas in five patients (31.3 %), all of whom had branch duct IPMN. It is necessary to pay attention to occurrence of pancreatic cancer at a site distant from the IPMN. In this study, the two patients who fulfilled the Japanese Clinical Diagnostic Criteria for early chronic pancreatitis [9] were relatively young women who had no history of regular alcohol intake; they did not demonstrate characteristic histological findings of chronic pancreatitis, but only had mild sporadic fat droplets. To clarify the pathological findings and long-term prognosis (progression to chronic pancreatitis and risk of cancer onset) in patients with early chronic pancreatitis, data concerning more cases must be gathered in the future [28] .
Conclusions
We examined the EUS findings from and pathological characteristics of 16 patients with PCIS. PCIS frequently causes localized changes in inflammation and fibrosis around the pancreatic duct. It often accompanies chronic pancreatitis and pancreatic fatty infiltration in the background pancreas. EUS offers sufficient resolution to demonstrate pancreatic changes of PCIS.
